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INFLUENCE  OF  LOADING  TEMPERATURE  OF  POTATOES,  TYPE  AND 
NUMBER  OF  HEATERS  AND  TYPE  OF  CAR  ON  POTATO 
TRANSIT  TEMPERATURES- -JANUARY  I95I 


Severely  cold  weather  encountered  during  a  portion  of  the  late  crop 
potato  shipping  season  in  the  Red  River  Valley  of  North  Dakota  and 
Minnesota  has  resulted  in  a  substantial  amount  of  freezing  damage  in  cars 
originating  in  this  area0    A  satisfactory  means  of  protecting  potatoes 
from  freezing  in  transit  during  very  cold  weather  would  be  of  value  to 
shippers,  receivers  and  transportation  companies  alike© 

The  present  investigation  was  undertaken  (l)  to  obtain  knowledge  on 
the  effect  of  potato  temperature  at  time  of  loading,  and  number  and  type 
of  end-bunker  heaters  on  protection  from  freezing,  and  (2)  to  compare 
two  under  slung  heater  cars— one  equipped  with  an  overhead  fan  and  another 
with  floor  fans— »with  a  fan  oar  heated  by  two  standard  portable  charcoal 
heaters e 


EXPERIMENTAL  EQUIPMENT  AND  PROCEDURE; 

Nine  cars  were  employed  in  this  test0  6  of  which  were  used  for  Part 
I  and  3  for  Part  II,  The  list  of  cars  together  with  the  number  and  type 
of  heaters  used  were  as  follows? 


Car  Noe 

A-FGE  55U52 
B-FGE  56235 
C-FGE  38971  1/ 
D-FGE  38008 
E-FGE  38927  l/ 
F-FGE  381+11 
G-BREX  7i|^99  2/ 
H-BREX  7^398  2/ 
I-PFE  2710  2jT 


Number  of  Heaters 

2 
2 
1+ 

h 
2 
2 
x 
1 
2 


Type  of  Heater 

Ale  ohol 
Chare  oai 
Alcohol 
Charcoal 
Ale  ohol 
Charcoal 
Under 3 lung 
Under s lung 
Charcoal 


Fan  car So  Fans  sealed  in  off  positionc 
Fan  car So    Fans  in  on  position© 


Test  Cars; 

The  FGE  cars  were  all  standard  end  bunker  cars  of  about  average  con- 
dition containing  3  -  5^"  of  insulation  and  with  no  side  wall  racks  or 
flues  a    Cars  C  and  E  were  equipped  with  Preoo  fans  under  the  floor  racks 
whioh  were  sealed  in  the  "off"  position  for  this  test0    The  BREX  and  PFE 
cars  had  1+  -  i+jjj-  inches  of  insulation  and  were  equipped  with  wall  flues© 
Car  G  was  equipped  with  Preco  overhead  fans  while  oar  H  and  I  had  Preoo 
fans  under  the  floor  rack  and  the  fans  on  these  cars  were  operated  in 
trans  it*    These  last  three  cars  were  in  excellent  condition©    Prior  to 
loading,  the  floor  racks  of  all  cars  were  covered  with  substance  6C  Kraft 
paper  except  at  the  doorways  where  a  space  of  approximately  12  inches  -was 


2  » 


left  uncovered  0    Drains  in  all  cars- in  ©re  open  with  drain  drip  caps  on«, 
This  was  standard  procedure  followed  "by  the  Western.  Fruit  Express  Company 
in  preparing  ears  for  potatoes  during  this  seasono    The  oars  were  pre- 
heated for  16  to  24  hours  and  all  were  at  satisfactory  temperatures  prior 
to  loading  except  oar  H0    This  car  was  slow  in  preheating  making  it  necessary 
to  place  a  hot  blast  heater,  in  it.  before  loading*,  ' 

Heaters  § 

The  Lomin&tor-Mitoheli  under slung  oh&rcoai  heater  has  been  fully  des-. 
cri'bed  la  an  earlier  report  l/Q  •  The  heaters  were  operated  manually  in 
accordance  with  the  Luminator=Mitoheli  operating  instruction  manual  dated 
December  1.,'  19500    The  Preco  .the  rao  &  tat  leal  ly  controlled  alcohol  heater 
was  also  described  in  a  previous  report  Z/0    The  thermostats  on  these  heaters 
were  set  at  40 15  F0 

The  portable  charcoal  heater?  employed  were  regular  i-pieoe  16 w  Simplex 
heaters  currently  in  regular  use0    In  the  car  containing  4  charcoal  heaters, 
2  ware  placed,  in  each  bunker 0    The  third  heater  was  to  be  lit  at  0®  and  the 
fourth  at  ---10s  F0  outside  air  temperatures,, 

Commodity  and  Air  Temperatures  § 

Employing  distant  reading  electric  resistance  thermometers.,  ten  commodity 
and  two  air  temperatures  were  obtained 0  The  thermometer  bulbs  were  placed  in 
the  air  or  in  potatoes  in  burlap  sacks  at  the  following  positions s 

Position  PS2}^^12P- 

Bottom  bunker  west  side,,  head  and  rear  (potato)  BBWS=H,  BBWS-E 

Bottom  bunker  center  line,  head  and  rear  (potato)  BBCL-H,  BBCL-fi 

Bottom  quarter  length  west  side,  head  and  rear  (potato)  BQVTS-H,  BQSTS-H 

Top  quarter  length  center  line,  head  and  rear  (potato)  TQGL=H,  TQCL-R 

Bottom  doorway,'  west  side  (potato)  BDWS 

Top  doorway,  center  line  (potato)  TDCL  ■•■ 

Bottom  doorway,  center  line  (air)  BDCL-AIR 

Top  doorway,  center  line  (air)  TDCL-AIR 

Since  the  danger  of  freezing  damage  is  greatest  in  the  layer  next  to 
the  floor,  thermometers  were  inserted  in  bottom  layer  potatoes  next  to  the 
outside  of  the  sack  in  order  to  detect  possible  dangerously  low  temperatures., 
The  top  temperatures  were  obtained  "by  inserting  thermometers  in  the  upper- 
most  potatoes  of  the  loado    Air  temperatures  were  obtained  at  the  bottom 
doorway  center  line  just  above  the  floor  racks  and  at  the  top  doorway  center 
line  about  four  inches  from  the  oeilingo     Commodity  and  air  temperatures 
were  read  at;  terminals  and  other  stops  en  route o 

Copper  tubing  (l/4-inoh  0oDo)  was  placed  in  4  cars  for  the  purpose  of 


1/    H0To&So  Report  208  0 

2/    Comprehensive  Report  on  Heat  Tests  issued  July,  1948  (AAR  USDA 

Tests  22,  23,  24,  25,  26,  270)0 


obtaining  samples  of  the  car  atmosphere  for  analysis  °    The  tubing  was  run 
from  the  sampling  positions  out  under  the  door  and  extended  a  few  inches 
out  side o    Air  was  sampled  near  the  bottom  of  the  load  at  the  doorway  center 
line  just  above  the  floor  racks  and  near  the  top  of  the  load  about  six 
inches  from  the  ceiling  at  the  doorway  center  line  position     Samples  were 
withdrawn  with  an  aspirator  bulb  into  gas  sampling  tubes  and  analyzed  later 
for  CO,  C02»  02  utilizing  a  Hayes  portable  gas  analyzer..    All  of  the 
samples  for  gas  analysis  were  obtained  before  the  hatches  were  opened  for 
servicing  of  the  heaters  at  inspection  pointso 

Loading  and  Routing* 

The  six  cars  in  Test  I  were  loaded  at  East  Grand  Forks  Minnesota 
between  9s 45  AoM0  and  6<10  P0M0  on  January  25 0    The  cars  in  Test  II  were 
loaded  between  9*45  A0M0  and  4§45  P0M0  on  January  26„    All  of  the  cars 
were  loaded  in  the  same  way  with  360  100-lbo  bags  of  washed  and  waxed 
Triumph  potatoes  (figure  l)  ,     The  load  wa;>  a  modification  of  the  "pyramid 
through  load"  recommended  by  the  Association  of  American  Railroads  "bj a 
Paper  filled  fabricated  pads  (1/2"  thick) r  28"  x  88n  were  placed  on  the  floor 
racks  as  the  cars  were  being  loadedo     Complete  loading  data  are  shown  in 
Table  1. 

The  cars  were  assembled  in  Grand  Forks,  North  Dakota  on  the  morning  of 
January  27  and  the  test  train  departed  at  12 §20  P0M0    The  cars  were  routed 
from  Grand  Forks  to  Minneapolis,,  Minnesota  via  the  Great  Northern  Railroad, 
and  to  Chicago,  Illinois  via  Chicago c  Burlington..,  and  Quincy  Railroado 
Total  elapsed  time  for  the  trip  was  57  hours  15  minutes,  of  which  30  hours 
22  minutes  (5300  per  cent)  was  running  time  and  26  hours  53  minutes  (47o0 
per  cent)  was  standing  time.    See  Table  2  for  trip  logo 

DISCUSSION  OF  RESULTS 

Test  I 

Outside  temperatures  during  loading  ranged  from  -2°  to  -1°  F0  after 
which  the  weather  became  increasingly  colder  until  a  minimum  of  -24°  was 
reached  on  January  28th  and  again  on  the  29thu    While  temperatures  during 
loading  were  below  normal,  even  colder  weather  is  often  encountered  in  this 
area  during  the  winter  months  with  temperatures  falling  to  =-20°  to  -30° 0 
The  temperatures  encountered  in  transit,  however;,  were  considerably  below 
normal,  particularly  during  the  last  two  days  of  the  test  when  temperatures 
34°  to  39°  below  normal  were  recorded  (figure  2)<> 

The  transit  air  and  commodity  temperatures  for  the  cars  heated  with 
two  Preco-alcohol  heaters  are  shewn  graphically  in  figures  2  and  6„  These 
data  clearly  show  the  inadequacy  of  two  alcohol  heaters  per  car  in  this 
test  in  protecting  potatoes  from  freezing  during  severe weathero    In  car  A 
(figure  2)  loaded  with  potatoes  of  about  39°  FQ  temperature,  dangerously 


3/  Recommended  Arrangement  for  Loading  45,000  Pounds  of  Potatoes  in  100 
Pound  3ags  by  the  "Pyramid  Through  Load"  Method 0    Assn<>  of  Amer0 
Railroads  Freight  Container  Bureau  Bulo  43,  Dec0  1,  19420 
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low  temperatures  occurred  on  the  morning  following  loadingo    After  72  hours 
the  average  temperature  of  the  entire  bottom  layer  had  fallen  to  a  point 
where  freezing  could  occur.,    Although  the  freezing  point  of  potatoes  is  about 
29  s  a  temperature  of  31°  was  considered  dangerously  low  since  the  sensing 
element  of  the  resistance  thermometer  was  placed  in  the  interior  of  the  po- 
tato and  a  subsequent  test  utilizing  thermocouples  showed  that  the  tempera- 
ture at  a  depth  of  i  inch  in  potato  tubers  exposed  to  freezing  temperatures 
ranged  from  004°  to  2o0°  higher  than  at  1/4  inch  deptho 

As  expected.,  loading  warn  potatoes  offered  some  additional  protection 
from  freezing o  •  Thus  in  Car  E,  also  heated  with  two  alcohol  heaters  but 
loaded  with  45°  F0  potatoes*  -dangerously  low  temperatures  did  not  occur  in 
the  load  until  3  days  after  loading  (figure  6)0    In  neither  of  the  oars 
heated  with  2  alcohol  heaters  did  the  top  layer  temperatures  become  exces- 
sively high  during  the. test,  a  maximum  of  only  57„0a  being  recorded  in  Car  E„ 
At  5 g 00  PoMo  on  -January  28th,  one  heater  each  in  Cars  A  and  E  was  observed 
to  be  on  pilot-  when  inspected  even  though  the  minimum  temperature  in  both 
oars  -was-  at  the  danger  point 0    In  an  attempt  to  protect  the  load,  the  thermo- 
stat on  eatsh  of  the  aforementioned  heaters  was  raised  from  40®  to  45% 

Possible  freezing  temperature.?  in  Car  B,  equipped  with  two  standard 
charcoal  heaters.,  were  also  encountered  the  morning  after  loading  (figure  3)Q 
As  in  the  case  of  Car  A,  the  average  potato  temperature  at  loading  time  was 
approximately  39 65  Fo    Unlike  Car  A„  however.,  the  average  bottom  layer  temper- 
atures did  not  become  too ' oold  at  any  time  during  the  teste    Top  commodity 
temperatures  in  Car  B  were  somewhat  higher  than  in  those  ears  heated  with 
two  alcohol  heaters  but  were  not  considered  excessive 0 

Car  F,  also  containing  two  standard  charcoal  heaters.,  was  originally 
intended  to  have  been  loaded  with  warm  potatoes „    The  average  potato  temper- 
ature at  loading,  however,  proved  to  be  only  about  1°  Fo  higher  than  Car  B9 
thus  making  the  two  cars  directly  comparable  0    Figure  7  shows  that  commodity 
temperatures  in  this  car  were  very  satisfactory  during  the  entire  test  with 
the  lowest  temperature  recorded  being  3505°  and  the  highest  62„5e,  Sinoe 
this  warmer  ear  burned  less  fuel  and  commodity  loading  temperatures  were  not 
materially  different,,  this  data  serves  to  illustrate  the  difference  that  my 
occur  between  cars  of  the  same  general  specifications o    The  reason  for  such 
a  difference  in  the  behavior  of  these  two  cars  was  not  apparent  but  may 
have  been  due  to  differences  in  the  amount  of  moisture  in  the  insulation,, 
thus  affecting  its  efficiency,  or  to  the  relative  tightness  of  the  two  cars0 

Car  C,  equipped  with  4  alcohol  heaters  (2  in  each  bunker), with 
thermostats  set  at  40°  Fo,  provided  adequate  protection  against  freezing 
damage  and  probably  more  than  was  necessary  since  the  two  rear  heaters 
burned  intermittently  or  on  pilot  during  the  latter  half  of  the  test  while 
the  head  end  heaters  were  burning  intermittently  during  the  last  29  hours 
(figure  4-)o    In  addition  top  layer  temperatures  rose  considerably  higher 
than ^ desirable  although  no  adverse  effects  on  the  potatoes  were  noted  at 
destination*.    Potato  temperatures  on  the  bottom  layer  were  quite  uniform 
during  the  entire  teste    Top  layer  temperatures  rose  rapidly  following 
loading  with  the  rate  of  increase  declining  as  colder  weather  was  encountered,. 
Shortly  after  the  departure  of  the  test  train,  the  average  top  it  yer  tem- 
perature decreased  slowly  with  the  advent  of  still  colder  weather  and  rose 
again  rather  sharply  as  higher  outside  temperatures  were  encountered  during 
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the  last  6  hours  of  the  test0    Total  fuel  consumption  for  Car  C  was  27<>25 
gal.  as  compared  with  17»25  and  15  galo  for  Car  A  and  E5  respectively 
equipped  with  2  alcohol  heaters  each. 

The  I4.  standard  charcoal  heaters  used  for  heating  Car  D  (2  in  each 
bunker)  while  affording  adequate  protection  of  the  lading  against  freezing 
resulted  in  excessively  high  top  commodity  temperatures  when  operated  on 
the  arbitrary  system  of  lighting  the  J>rd  heater  at  0°  F.  and  the  i+th  at 
-10°  F»    Top  commodity  temperatures  rose  very  rapidly  following  loading 
with  a  temperature  of  79«>5  maximum  being  reached  approximately  1+3  hours 
later.    One  heater  was  darkened  at  9s00  P.M.  on  January  26  by  pushing  in 
the  slide  thus  precluding  the  delivery  of  additional  fuel  from  the 
magazine  to  the  fire  box.    The  slide  on  this  heater  had  later  been 
pulled  out ?  however 9  and  the  heater  was  observed  to  be  burning  the  follow- 
ing morningo    Although  this  heater  was  again  darkened,  potato  temperatures 
the  following  day_„  January  28 s  had  not  changed  materially.    In  order  to 
guard  against  overheating,,  the  3^  heater  was  darkened  at  this  time0  Con- 
tinued severe  weather  prevailed  following  the  darkening  of  the  3rd  heater 
and  by  the  next  morning  the  minimum  temperature  in  the  car  had  dropped  to 
the  danger  point.    As  the  outside  temperature  rose  on  January  29th  so  did 
the  bottom  layer  temperatures  within  the  earn    Examination  on  arrival  re- 
vealed no  adverse  effects  on  the  potatoes  in  the  top  layer  which  were  ex- 
posed to  excessively  high  temperatures  during  transit „    Total  fuel  con- 
sumed during  the  test  was  169  lbs.  compared  with  li+5  and  113  lbs.  burned  in 
the  cars  with  two  standard  charcoal  heaters.     (Cars  B  and  F  respectively)™ 

Test  II 

In  the  second  part  of  the  test,  two  Luminator-Mitchell  under  slung  char- 
coal heater  car3,  one  with  overhead  fans  and  one  with  fans  under  the  floor 
racks j  were  compared  with  a  regular  fan  oar  of  comparable  condition  equipped 
with  2  standard  portable  charcoal  heaters.    Those  cars  were  in  excellent 
condition  and  had  h"h^  inches  of  insulation  and  wall  flues0 

The  cars  were  loaded  at  East  Grand  Forks  on  January  26th  where  outside 
temperatures  ranged  from  -7°  *o  =13eF<>    Following  loading,  these  cars  were 
handled  the  same  way  as  the  cars  in  Test  I5  being  assembled  in  the  test 
train  at  Grand  Forks  that  evening . 

As  can  be  seen  in  figures  8  and  9d         ears  equipped  with  underslung 
heaters  afforded  the  potatoes  ample  protection  against  freezing  with  the  ex- 
ception of  one  part  of  Car  H  which  showed  freezing  temperatures  within  an 
hour  after  loading.    This  car  was  not  only  slow  in  preheating,  as  was 
mentioned  earlier g  but  also  maintained  lower  temperatures  throughout  most 
of  the  test.    A  general  increase  in  temperature  was  noted  during  the  first 
12  hours  of  transit  necessitating  a  decrease  in  the  draft  control  in 
accordance  with  operating  instructions  as  shown  in  Tables  9  and  10.  Follow- 
ing this  initial  increase,,  temperatures  were  quite  uniform  for  the  remainder 
of  the  trip*.    Car  Ip  comparable  to  the  underslung  heater  cars,,  but  equipped 
with  two  standard  portable  charcoal  heaters,  also  provided  ample  protection 
of  the  load  from  freezing.    The  range  in  commodity  temperature  between  the 
top  and  bottom  was  greater  in  this  car  than  is  usually  the  case  in  fan  cars 
and  the  temperature  spread  was  larger  than  in  the  comparable  underslung 
heater  oar.    A  total  of  93  pounds  of  fuel  was  consumed  in  the  portable 


heaters  in  Car  I  during  the  test  while  the  raider  a  lung  heaters  in  Gars  6  and 
H  burned  122  and  119  pounds  respectively,, 
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The  results  of  analysis  of  air  samples  taken  from  four  of  the  test 
oars  at  the  bottom  doorway  ©©nterlia®1  just  above  the  floor  racks  is  shown 
in  table  21 ©    The  highest  CQg  and  CO  content  was  found  to  b©  1„5  and  G©2 
percent  respect  lire  ly  while  the  lowest  ©g  content  was  18o3  percent  0  Carbon 
monoxide  ©'quid  not  be  detested  in  ears  heated  with  the  alcohol  heaters 
with  the  method  of  analysis  used©    While  th®  COg  content  was  slightly 
higher  in  cars  with  3  ©r  k  heaters  burning  than  in  those  with  only  2g  the 
concentration  in  all  cars  was  relatively  \mB  indicating  a  rather  free 
exchange  of  g&sses  from  the  ear  to  the  outside  atmosphere©    Samples  with- 
drawn  from  ears  B  and  D  'at  the  top  doorway  ©enter  line  6  inches  from  the 
ceiling  were  essentially  the  same  as  those  from  the  bottom  positions 
Burning  of  th®  heaters  did  not  seem  to  be  impaired  by  the  small  deple- 
tion of  oxygen  noted 0    Even  greater  modifications  of  the  car  atmosphere 
feed  a    Thus  Ryall  and  Lutsk/ 9  probably  using  newer  and 


m/  s  prooao. 

•a port  a  ©onsontration  of  ""I3.06  per  cent  COp  and  2I4.08  P®s° 


have  been  rej 
tighter  cars\ 

eent  0g>  in  a  charcoal  heated  fan  ear9  yet  noted  no  retardation  in  the 
burning  rat©  of  the  heaters©    In  addition  k  charcoal  or  alcohol  heaters 
per  ©ar  have  been  used  recently  in  a  test  with  pears  without  any  reported 

reduction  in  rat®  of  burning^/ 0 


Conclusions? 


The  data  obtained  shew  rather  oc 
per  ©ars  either  alcohol  or  standard  c 
tec t ion  against  free sing  of  potatoes 
at  least  in  some  ears©  Temperatures 
countered  the  morning  after  potatoes 
were  loaded  in  cars  heated  with  eithe 
srso    Many  reports  of  freezing  damage 
Valley  moving  during  very  cold  weathe 
coal  heaters  were  slightly  superior  t 


nclusively  that  two  portable  heaters 
harcoala  do  not  provide  adequate  pro- 
shipped  during  severely  cold  weather 9 
that  could  cause  freezing  were  en- 
of  an  average  temperature  of  39s  F© 
r  portable  alcohol  or  charcoal  heat- 
to  potatoes  from  the  Red  River 
r  confirm  these  results©    The  char- 
©  the  alcohol  heaters  in  heat  outputs 


Th®  value  of  loading  warm  potatoes  as  added  protection  against  frees- 
ing  was  clearly  demonstrated©"  Thus  in  two  cars  each  heated  with  tar© 
alcohol  heaters  the  minimum  temperature  in  the  car  loaded  with  39®  Fs 
potatoes  was  at  the  danger  point  1J  hours  after  loading  while  in  the  car 
loaded  with  $gj>*  potatoes s  such  dangerously  low  temperatures  were  not  en- 
countered  until  three  days  after  loading©    in  important  feature  in  the 
operation  of  the  alcohol  heaters  was  that  they  were  observed  to  be  on 
pilot  when  th®  thermostat  'was  set  at  ko®  F«  even  though  commodity  temper- 
atures were  dangerously  low©    This  suggests  that  the  thermostat  should  be 
set  at  1|2©5®  02°  1+3®  for  potatoes  in  non-fan  oars  instead  of  k©®  as  used  in 
this  test  (which  is  the  present  comneroial  practice)© 
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The  use  of  1+  charcoal  heaters,  the  32"d  lit  at  0°  and  the  l|th  at  -10° 
Fo  gave  adequate  protection  from  freezing  but  resulted  in  excessively- 
high  top  commodity  temperatures  ranging  up  to  nearly  80°  F0    No  adverse 
effects  of  these  high  temperatures  were  noted ,  however.    Whether  this  ex- 
posure to  high  temperatures  had  any  subsequent  effect  on  sprouting, 
shrivelling,  or  the  development  of  rot  in  the  tubers  was  not  determined^ 
Similar  results  were  obtained  with  I4.  alcohol  heaters  with  thermostats  set 
at  l+O"  except  that  transit  temperatures  were  5®  to  10°  lower*    The  results 
of  this  test  suggests  the  possibility  of  using  3  °r  h  alcohol  heaters  in 
cars  shipped  during  very  cold  weather,  particularly  in  those  of  average  or 
poorer  condition.    In  the  case  of  standard  charcoal  heaters,  lighting  the 
third  heater  at  -10®  migh*,;  well  be  considered. 

In  a  second  part  of  the  test  fan  cars  in  excellent  condition  with 
U*4(^  inches  of  insulation  afforded  potatoes  good  protection  from  freezing 
when  heated  with  either  under slung  or  standard  portable  charcoal  heaters 
although  more  -uniform  temperatures  were  obtained  in  the  cars  equipped  with 
underslung  haaterse    No  consistent  difference  in  temperature  spread  was 
observed  between  cars  equipped  with  either  overhead  fans  or  conventional 
fans  under  the  floor  rack* 

Analysis  of  the  atmospheres  of  cars  containing  either  2  or  U  alcohol 
or  charcoal  heaters  showed  that  some  change  had  been  brought  about  in  the 
concentration  of  CO2  and  0^  although  operation  of  the  heaters  did  not  seem 
to  be  impaired©    While  a  concentration  of  CO  ranging  up  to  0©2  per  cent 
was  found  in  the  charcoal  heater  cars,  no  GO  could  be  detected  in  those 
cars  heated  with  alcohol  heaters e 
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Tri£_Lc_g 

Time  Time 
Date  St  a  - :  >£.  Arrived  Departed 


Grand  Forks p  No  D© 

— 

12s20 

FM 

Reynolds D  N0  Do 

is  30 

PM 

1»1*5 

PM 

Hillsboro0  N0  D0 

2s30 

PM 

2*55 

PM 

Near  Gardner g  N«  D© 

3s35 

FM 

3s50 

PM 

Gardner fl  N0  Do 

3  s  55 

PM 

£sl2 

PM 

Fargo g  No  Do 

5  s  10 

PM 

7*00 

PM 

Near  Barnesvillep  Minn 

©  8sl0 

PM 

8  8  20 

PM 

Barnesvil3e0  Minn© 

8s25 

FM 

PM 

Rothsay0  MLnno 

9s  15 

PM 

9*h5 

PM 

Fergus  Falls 0  Minn© 

!Cg25 

PM 

11825 

PM 

Dalton0  Mtoao 

118  50 

PM 

12s  20 

AM 

Bwansvill9s  Minno 

IgOO 

AM 

1825 

AM 

West  Uni:n0  Minno 

2s25 

AM 

281+0 

AM 

Sauk  Center  s  Minn0 

2s  55 

AM 

3«4o 

AM 

Sto  Claud g  Minn© 

5  s  oo 

AM 

10*15 

AM 

R:r.  :  •'  n?-ia ...e  _„  Minn© 

12850 

PM 

lsi+0 

PM 

Minneapolis B  Minn0 

282*5 

PM 

3  s  30 

PM 

Sto  Paul s  Minn© 

1+slO 

PM 
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PM 

Daytons  Bluff D  Minn0 
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PM 

10gl2 
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Oakland  g  Minno 
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128^5 
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'.thy 
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Savanna fl  111© 
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PM 
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Running  Standing 
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Table  No,,  21 


Effect  of  Number  and  Type  of  Heaters  on  the  Car  Atmosphere 


CAR  B— 2  CHARCOAL  HEATERS 


CAR  D--4  CHARCOAL  HEATERS 


HEATERS  HEATERS 
DATE    TIME    OPERATING!/    C02    02      CO         OPERATING!/        C02    02  CO 


Pe  r    Pe  r    Pe  r 

cent  cent  cen^- 


Pe  r    Pe  r      Pe  r 

cent  cent  cent 


1/26  3j30P    2  burning      0o5    1909  0~0.1      3  burning  &  1    1.1  !9o4  0-0.1 

intermittent 

1/28  4:30P    2  burning      1.1    19,6  002 


i/29  !0;00P  2  burning      io2    18o8  0o2 


3  burning 
2  burning 


io4  18 e 5  O02 

lo3     j.9o3  Ooi 


CAR  E—2  ALCOHOL  HEATERS  CAR  C— 4  ALCOHOL  HEATERS 


HEATERS  HEATERS 
DATE    TIME    OPERATING!./    CO;,  Og      CO  OPERATING]/       C02    0>  CO 


Per    Per    Per  Per    Per  Per 

cent  cent  cent  cent  cent  cent 

1/26  3j30P    2  burning        1.0  1902    0  4  burning  i02  18, 7  0 

1/28  4;30P    2  burning  (l  0o8  19.9  =»—  4  burning  (2  1.5  18.3  — 

intermittent)  intermittent) 

1/29  10:00P  2  burning       0„6  19G3  —  4  burning  0o8  19D2 

intermittently 


1/     Since  last  inspection^ 
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